Background Culturally adapted interventions are needed to reduce diabetes-related morbidity and mortality among Native Hawaiian and Pacific People. Purpose The purpose of this study is to pilot test the effectiveness of a culturally adapted diabetes self-management intervention. Methods Participants were randomly assigned in an unbalanced design to the Partners in Care intervention (n048) or wait list control group (n034). Assessments of hemoglobin A1c, understanding of diabetes self-management, performance of self-care activities, and diabetes-related distress were measured at baseline and 3 months (post intervention). Analysis of covariance was used to test between-group differences. The community steering committee and focus group data informed the cultural adaptation of the intervention. Results There were significant baseline adjusted differences at 3 months between the Partners in Care and wait list control group in intent-to-treat (p<0.001) and complete case analyses (p<0.0001) for A1c, understanding (p<0.0001), and performing diabetes self-management (p<0.0001). Conclusions A culturally adapted diabetes self-management intervention of short duration was an effective approach to improving glycemic control among Native Hawaiian and Pacific Islanders.
Introduction
Although the overall health of the US population has improved over the last two decades, profound disparities persist in the burden of illness and death experienced by racial and ethnic groups [1] . Diabetes, in particular, presents a significant public health burden in terms of morbidity, mortality, and economic costs [2] . Mortality rates from heart disease as a complication of diabetes, as well as risk for stroke, are two to four times higher in adults with diabetes when compared with non-diabetic individuals. Early detection and treatment, and appropriate self-management is critical to reducing the risk of developing complications and to improve quality of life and health outcomes; however, it requires addressing the many barriers that prevent patients and providers from achieving established treatment goals.
Type 2 Diabetes among Native Hawaiians and Pacific People
Of Hawaii's 1.3 million residents, 26 % identify themselves as Native Hawaiian or Pacific Islander [3] . There has been a long-standing concern about the disproportionate burden of type 2 diabetes in these ethnic groups. The overall prevalence of type 2 diabetes in Hawaii in 2008 was 8.2 %, comparable to that of the U.S. overall prevalence [4] . However, there is considerable difference in prevalence by race and ethnicity. Native Hawaiians have the highest prevalence of diagnosed type 2 diabetes ranging from 19 to 22 %, and from 16 to 35 % for impaired glucose tolerance [5] [6] [7] . The prevalence of diabetes among Whites and Japanese Americans is 3 and 7 %, respectively. Native Hawaiians are an average of 7 years younger when diagnosed with diabetes compared to Whites and Japanese Americans. Moreover, Native Hawaiians die of diabetes at a rate of 117 per 100,000 compared to the average rate of 53 per 100,000 for other racial/ethnic groups [8] . The extent of unmanaged diabetes in Native Hawaiian and other Pacific Islanders is evident not only in mortality rates, but in medical complications and preventable hospitalizations related to diabetes. Native Hawaiians and Pacific Islanders account for over 50 % of chronic dialysis patients in Hawaii [9, 10] .
Diabetes Self-Management Education
Type 2 diabetes has been recognized as one of the most challenging chronic illnesses to manage [11] . A diagnosis of diabetes imposes multiple daily demands on people with diabetes and their families. The purpose of diabetes education is to support informed decision making, self-care behaviors, problem solving, and active collaboration with the health care team, and to improve clinical outcomes, health status, and quality of life [12] . Diabetes selfmanagement education has been shown to be effective in improving self-management behaviors. However, in Hawaii, only an estimated 55 % of individuals with diabetes have elected to participate in diabetes education programs, with Native Hawaiians being less likely than Caucasians and Japanese to do so [13, 14] . While numerous diabetes self-management education interventions have proven efficacious in improving blood glucose control [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , few Native Hawaiians and Pacific Islanders have been included in these studies [25] .
The purpose of this study was to evaluate a culturally adapted community-based diabetes self-management intervention, called Partners in Care, among Native Hawaiians and Pacific Islanders. The primary study hypothesis was that the Partners in Care intervention group would experience greater improvements in A1c, a measure of blood glucose control, compared to a group that did not receive the intervention. Our secondary hypotheses were that the Partners in Care intervention group would have greater improvements in understanding and performing self-care activities, and reduced diabetes-related distress compared to the group that did not receive the intervention.
Methods

Study Design
We conducted a two-arm randomized controlled trial (intervention vs. control) of a diabetes self-management educational intervention, called Partners in Care, that was designed to improve A1c and reduce and/or prevent diabetes-related complications. Participants were recruited from two community-based health centers and one Native Hawaiian community organization. After participants signed a consent form at their baseline visit, they were randomly assigned to either the Partners in Care intervention or a wait list control group. After randomization, wait list control participants were informed that they should continue to manage their diabetes as usual. They did not receive further contact, information, or educational materials from study staff until it was time to schedule the 3 month assessment, and their subsequent voluntary participation in the Partners in Care intervention. All wait list control participants were invited to crossover to the intervention after completion of the 3 month assessment.
From January to February 2011, community peer educators recruited potential participants through flyers and word of mouth to participate in the Partners in Care intervention. Individuals were eligible if they had self-reported physiciandiagnosed type 2 diabetes, were 18 years of age or older, self-reported Native Hawaiian, Filipino, or other Pacific Islander ethnic background, English-speaking, and baseline A1c >7 %. Of the 91 individuals identified across the three sites, 82 met the eligibility criteria and agreed to participate, gave written informed consent, and completed the baseline survey administered at the community site by study staff (Fig. 1) . The study protocol was approved by the Native Hawaiian Health System Institutional Review Board and the University of Hawaii Committee on Human Studies.
The Partners in Care intervention was part of an existing community-based participatory research project called the PILI 'Ohana Project, comprised of community leaders and health advocates from four distinct community organizations serving Native Hawaiians and Pacific Islanders, and researchers from the University of Hawaii, Department of Native Hawaiian Health. They served as the intervention steering committee and assisted in the planning and implementation of the Partners in Care intervention [26] . Given a concern for diabetes-related complications in their communities, the community partners expressed a desire to offer the Partners in Care intervention to individuals as soon as possible. Therefore, an unbalanced randomization was decided upon with 60 % randomized to the intervention and 40 % to the wait list group. Randomization was based on a computerized random number generator. University study staff prepared sequentially numbered sealed envelopes containing the randomization assignment for each participant for the assessors in each site. Random assignments were made by assessors after informed consent and the baseline assessment were completed at the baseline visit. Randomization procedures resulted in a final sample consisting of approximately 60 % in the intervention group and 40 % in the wait list control group.
The Partners in Care intervention was designed to reduce risk factors associated with diabetes complications by increasing participants' understanding and practice of diabetes self-management activities. Building on culturally relevant knowledge and activities, the program sought to help participants gain knowledge and skills related to blood glucose monitoring, adherence to medication therapy, healthy eating, physical activity, and stress reduction. The curriculum also provided skill-building activities to improve communication with health care providers and help participants become better consumers of diabetes-related healthcare.
The Partners in Care curriculum, previously designed and evaluated with African Americans and Latinos, was adapted for this intervention [27] [28] [29] . To adapt the intervention, focus groups with Native Hawaiians and Pacific Islanders were conducted to provide guidance regarding the content, format, and method of delivery of the intervention. In the focus groups, participants discussed facilitators and challenges to diabetes self-management, concerns of potential diabetes-related complications, the desire for a group-based educational format to facilitate social support, and to have a program in a convenient community location delivered by people that were from their community and/or Native Hawaiian or Pacific Islander. Participants wanted to know about diabetes medications and possible side effects, the relationship between food consumed and blood glucose, and what types of examinations they should receive from their health care provider, types of diabetes complications and how to prevent them, how to understand glucose numbers and A1c, and how to take action to control blood glucose and A1c.
The peer educators and steering committee members also contributed local and cultural knowledge during adaptation by reviewing written materials and making suggestions for visuals and hands-on activities. Peer educators who delivered Partners in Care had previously delivered an obesity prevention curriculum to community participants and had received prior training in group facilitation, intervention research, survey administration, and recruitment and retention methods. Images of Hawai'i, local foods, physical activities, and people were included to convey relevance to participants. Peer educators from the participating communities delivered the intervention and used "local" language and examples to convey some of the educational content. By using a culturally relevant context to discuss behavior change, the information about diabetes and self-management becomes more meaningful for the intended audience [30] . Sociocultural strategies, which [31] . Social cognitive theory provided the conceptual foundation for Partners in Care with an emphasis on behavioral capability, self-control procedures, emotional coping response, and self-efficacy. Social cognitive theory constructs [32, 33] were combined with selected cultural symbols and themes, cultural patterns and concepts, values, norms, and relationships to promote self-care activities (see Appendix 2 in the Electronic Supplementary Material). Intervention activities were hypothesized to improve psychosocial variables of problem solving and social support, along with understanding and performing diabetes self-management activities. These variables were hypothesized to lead to improvements in selfcare behaviors such as self-blood glucose monitoring and medication adherence, and in turn lead to improved A1c. Twelve 1-h group meetings were delivered by trained peer educators in three community locations from March to May 2011. The peer educators were trained by research staff to deliver the curriculum intervention during a 4-h group training, and a facilitator's manual was provided. The materials are written in a conversational tone, in plain English, and intended to be read as a script by the peer educators for the purpose of fidelity to the intervention. Research staff observed two intervention meetings for each peer educator to document fidelity to the curriculum, questions asked by participants, and general satisfaction.
Participants were assessed at baseline and 3 months (post intervention) by trained study staff using a standardized protocol to obtain demographic, clinical, behavioral, and knowledge variables through in-person interview methods. The specific measures were based on the study outcomes of interest, content of the intervention, and the theoretical underpinnings of the study. Participants received a $20 gift card for the completion of each assessment. Survey completion times ranged from 20 to 40 min.
Outcome Measures
The primary outcome of this study was A1c which is measured as a percentage of hemoglobin that is glycated (expressed as A1c%). In this study, A1c was measured using a DCA 2000 analyzer (Bayer, West Haven, CT) which requires a small drop of blood from a finger stick, and results are available within 5-6 min.
Secondary outcomes of this study were diabetes selfmanagement understanding, performance of self-care activities, and diabetes-related distress. To assess understanding of diabetes self-management, a subscale from the Diabetes Care Profile [34] was used. We chose to use the Understanding subscale because it reflected the information that was provided in Partners in Care. The Understanding subscale consists of 12 questions and asks respondents to rate their understanding of aspects of diabetes self-care on a Likert scale from 1 (Poor) to 5 (Excellent). The numbered responses were summed across the 12 questions and ranged from 12 indicating poor overall understanding of diabetes self-management activities to 60 indicating excellent understanding [35, 36] . In our study, the reliability coefficient (Cronbach's alpha) of the Diabetes Care Profile subscale was 0.93.
To measure performance of diabetes self-care activities, 7 of 11 items in the Summary of Diabetes Self-Care Activities (SDSCA) [37] were used. The SDSCA assesses the frequency with which an individual followed a diabetes self-care routine during the prior 7 days in five domains: diet, exercise, blood glucose monitoring, foot care, and medication adherence. In the survey, each participant indicated the number of days during the past week that s/he: (1) took their recommended insulin or diabetes pills, (2) took the recommended insulin dose or number of diabetes pills, (3) followed a healthful eating plan, (4) tested blood sugar at least as often as the doctor recommended, (5) exercised for at least 30 min, (6) checked their feet, and (7) smoked a cigarette. Participants could respond: not at all during the past 7, 2-3, 4-6, or 7 days. Item scores were averaged resulting in an overall score for self-care activity. Scores ranged from 7 (no weekly participation in diabetes self-care activity) to 28 (participation in diabetes self-care activities every day during the past week). The reliability coefficient of the SDSCA in our study was 0.70.
To measure diabetes-related distress, the revised Problem Areas in Diabetes 2 [38] scale was administered. Problem Areas in Diabetes 2 is a 20-item questionnaire that measures a wide range of feelings related to living with diabetes and its treatment, including guilt, anger, depressed mood, worry, and fear. The survey uses a five-point Likert scale with options ranging from "0-not a problem" to "4-serious problem". Summing all item scores and multiplying by 1.25 resulted in an overall score from 0-100, with higher scores indicating greater diabetes-related emotional distress. The reliability coefficient in our study was 0.97.
A lipid panel was assessed using the Cholestech analyzer which requires a finger stick sample of blood, and results are available within 5-6 min. Finally, at each assessment two measures of systolic and diastolic blood pressure were obtained and averaged for analysis to yield one average measure for systolic blood pressure and one average measure for diastolic blood pressure. Two measures each of height and weight were also taken and averaged for analysis. At the end of each assessment, every participant received a form with their individual clinical values. The values recommended in the American Diabetes Association Standards of Medical Care were presented beside their value for each measure, along with suggestions on how to achieve the recommended values. For example, next to A1c, the suggestion provided was, "Take diabetes medicine as prescribed by your doctor, lose weight by eating healthy and exercising."
Statistical Analysis
All data were entered and verified, and scores were calculated for multiple-item instruments. Summary statistics including frequency distributions, means and other descriptive analyses of variables were conducted to provide an overview of the characteristics of participants in both groups. We also examined descriptive statistics to ensure that data met statistical test assumptions. T tests and χ 2 were used to test baseline between-group differences. Analyses were conducted using all available data at baseline (n 082) and 3 months (n065) assuming data were missing at random. Intent-to-treat analyses were also conducted by imputing missing data with the baseline observation carried forward.
To test between-group differences in A1c at 3 months we used the change value (Baseline A1c−3 month A1c) as the dependent variable in the analysis of covariance (ANCOVA) model adjusting for baseline A1c. In separate models, we tested between-group differences in understanding, self-care activities, and diabetes-related distress using ANCOVA with the change scores from baseline to 3 months as dependent variables and baseline scores as covariates. Despite three significant baseline differences between the intervention and control group, we did not include education, systolic blood pressure, or diet/meal plan adherence as covariates in the final models because: (1) they were not correlated with our outcome (see Appendix 3 in the Electronic Supplementary Material), and (2) including them as covariates yielded the same results (data not shown) as those in the final models reported.
Withdrawal from the study was significantly higher in the intervention group compared to the wait list group (p00.02). Participants that withdrew from the study were significantly younger (p00.001) and had a lower score on the Diabetes Care Profile that measured understanding of self-management (p00.03). Therefore, age and baseline understanding of diabetes self-management were included as covariates in all between-group comparisons at 3 months. Effect sizes were obtained in the ANCOVA modeling procedure and are based upon the comparison of the change scores between the intervention and control group. Analyses were conducted using SPSS version 20.0 (SPSS, Inc., Chicago, IL) and SAS 9.2 (SAS Institute Inc., Cary, NC). All reported p values are for two-sided tests with effects considered statistically significant at p<0.05.
Results
Participants
Of the 82 randomized participants, 48 were assigned to the Partners in Care intervention and 34 to the wait list control group ( Table 1) . The average age was 53 years in the intervention group and 55 years in the control group. More than half of participants in each group were female and were currently married. There were three significant baseline differences between the treatment groups: educational level, selfreport of currently following a diet or meal plan, and systolic blood pressure. Significantly more intervention participants had a high school education or less. Among wait list control participants, systolic blood pressure was significantly higher and more control participants reported currently following a diet or meal plan compared to the intervention group.
Retention
Of the 48 participants assigned to the intervention, 34 (71 %) completed the 3 month assessment. Of the 34 participants allocated to the wait list control group, 31 (91 %) completed the 3 month assessment. There was a higher attrition rate in the Partners in Care group (29 %) at 3 months than in the wait list group (9 %). Among participants that we could reach after they withdrew from the study, 8 of the intervention participants stated that they could not participate due to competing demands of work and family, and 2 intervention participants said that they did not have the time to participate. Despite several attempts to contact the remaining participants that dropped out of the study, four participants randomized to the intervention and three randomized to the wait list control group could not be reached to determine their reasons for dropping out of the study.
Outcome Analyses
As hypothesized, there were significant baseline adjusted differences at 3 months between the Partners in Care and wait list control group in both the intent-to-treat (p00.001) and complete case analyses (p<0.0001) for A1c, understanding (p < 0.0001), and performing diabetes selfmanagement (p < 0.0001) ( Table 2 ). Effect size for the change in A1c was small, and moderate for the change in understanding and performing self-management in the complete case analysis. The change in diabetes-related distress was significant only in the complete case analysis (p00.04).
Discussion
Partners in Care was a pilot study using a randomized controlled trial design in which 82 Native Hawaiians and Pacific Islanders were randomized to either a 3-month diabetes selfmanagement intervention or a wait list control group. Our findings suggest that the culturally adapted, community-based diabetes self-management intervention delivered by peer educators over 12 sessions can significantly improve glycemic control and reduce risk factors associated with diabetes complications among Native Hawaiians and Pacific Islanders. Although the effect size for the change in A1c was small, a 1 % decrease in A1c is associated with a dramatic reduction in myocardial infarctions, microvascular disease, and death [39] .
The Partners in Care intervention findings are consistent with prior studies showing the efficacy of diabetes lifestyle interventions in improving understanding of diabetes selfmanagement, performing self-care activities, and glycemic control [18, 21, 23, [40] [41] [42] [43] [44] [45] [46] . Similar diabetes education interventions with minority populations have achieved a 1 % reduction in A1c post intervention [16, 47] . This study also replicates a previously successful diabetes selfmanagement intervention in a different setting, population, geographic location, and peer educators [27] . Partners in Care is the first diabetes self-management intervention for Native Hawaiians and Pacific Islanders in Hawaii using a randomized controlled trial design [25] .
The Partners in Care intervention was also successful in increasing understanding and performance of diabetes selfmanagement. Effect sizes for understanding and performing self-management were moderate in the complete case analysis and somewhat smaller in the intent-to-treat analysis. While there was a statistically significant change in diabetes-related distress among participants in the complete case analysis, the magnitude of the change was very small. The lack of change in the Problem Areas in Diabetes score may be due, in part, to several of the Filipino participants' cultural norm of not wanting to complain about the impact of their diabetes on their lives (reported by the Filipino peer educator). When analyzed separately, there was a significant difference in the mean baseline diabetes-related distress score for Filipinos and Native Hawaiians/other Pacific Islanders (5.0 vs. 42.0). An alternative method of measuring diabetes-related distress may be needed for some populations. Risk factors for preventing or delaying the onset of diabetes complications are complex and interdependent. A strength of this study was the way in which this complexity was addressed. The Partners in Care intervention combined community-based peer-led education, cultural components, preliminary formative research (focus groups with individuals from the participating communities), and a defined theoretical framework. Meta-analyses indicate that a combination of these approaches is associated with better outcomes compared to any single approach [48] . (9) 43 (14) 13.1±1.5 Control (n034)
33 (11) 34 (11) Despite the positive results, there are study limitations that deserve mention. While the overall retention rate was fairly high (79 %), the attrition rate was higher among younger participants. Future studies should include methods to facilitate younger individual's participation, such as offering classes after work or on weekends and providing childcare if needed. This study is also limited in that we did not assess the mechanisms contributing to intervention effects. Future studies should investigate components of the intervention and mechanisms by which they influence outcomes.
This study demonstrated that an appropriately designed, community-based program requiring little technology and few health care resources can have positive effects by improving understanding, self-care behaviors, and glycemic control among Native Hawaiians and Pacific People with type 2 diabetes. If the significant improvement in A1c can be sustained, the Partners in Care intervention has the potential to substantially reduce microvascular complications, morbidity, and health care utilization costs [39, 49, 50] . Future research efforts should be aimed at confirming, enhancing, and sustaining the effect of this type of intervention among populations where health disparities exist. With the large number of Native Hawaiians and Pacific Islanders suffering from diabetes-related morbidity and mortality, a great need exists for improvement in methods of reaching people with diabetes that are culturally appropriate and have been systematically developed, implemented, and evaluated.
